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ABSTRACT
An equivalent acceleration signal can be regarded as an acceleration time history, inferred from a reference acceleration record which
can be defined in different ways on the basis of different equivalence criteria such as: 1) kinematic characteristics of the signal; 2)
Fourier spectrum amplitude; 3) Fourier spectrum phase values; 4) response spectrum; 5) energy.
The equivalent signals may be employed in technical-scientific applications, when common theoretical approaches or instrumental
devices can hardly manage the whole complexity of the actual phenomena to be investigated. As their definition suggests, equivalent
signals are full-fledged analogue tools for modelling natural processes (real prototypes) as physical analogues (equivalent prototypes).
At this regard, the levelled-energy multifrequencial analysis for deriving dynamic equivalent signals (LEMA_DES) optimises the
already existing ones, by obtaining acceleration signals that can be regarded as more constrained to the real actions. Following this
approach, a dynamic equivalent signal is derived by selecting and processing a limited number of representative harmonic functions
from the reference acceleration spectrum. The dynamic equivalent signal is sized on a reference prototype under criteria of energy,
spectral and peak acceleration (PGA) equivalence.
The LEMA_DES approach was tested on 48 acceleration records from 23 November, 1980 Irpinia earthquake and compared with
more traditional approaches for deriving cyclic equivalent inputs. Moreover, a specifically derived LEMA_DES signal was applied to
force a slope by a FDM numerical modelling, referred to the Calitri landslide case-history which was seismically-induced by the same
considered earthquake.

INTRODUCTION
An equivalent acceleration signal can be regarded as an
acceleration time history, inferred from a reference
acceleration record which can be defined in different ways on
the basis of: a) equivalence criteria, b) type of reference
acceleration signal. In particular, equivalence criteria may
concern: 1) kinematic characteristics of the signal (e.g. peaks
of acceleration, velocity and displacement, duration); 2)
Fourier spectrum amplitude; 3) Fourier spectrum phase
values; 4) response spectrum; 5) energy. Conversely, the
types of reference acceleration signal depend on different
physical phenomena and are generally related to the
propagation of waves.
As their definition suggests, equivalent signals are fullfledged analogue tools for modelling natural processes (real
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prototypes) as physical analogues (equivalent prototypes). In
particular, the equivalent signals may be employed in
technical-scientific applications (i.e. laboratory testing on soil
samples, modelling at shaking table, dynamic modelling at
centrifuge device) when common theoretical approaches or
instrumental devices can hardly manage the whole
complexity of the actual acceleration signals.
At this regard, the approach proposed in this paper obtains a
dynamic equivalent multifrequential acceleration signal by
selecting and processing a limited number of representative
frequencies from the reference acceleration spectrum. The
dynamic equivalent signal is sized on a reference prototype
under criteria of energy, spectral and peak acceleration
equivalence. A first definition of equivalent acceleration
signal to be used in geotechnical applications was proposed
by Seed and Idriss (1969; 1971). The original solution put
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forward by Seed and Idriss (1969; 1971) was validated by
laboratory tests, mostly including dynamic characterisation of
loose granular soils by use of cyclical triaxial equipment as
well as cyclical direct shear (Seed et al. 1975; Seed 1976;
Seed et al. 1981; Ishihara and Koga 1981).
Several experiments applied monofrequential cyclical signals
to centrifuge devices, aiming at developing laboratory-scaled
analogue models (Zelikson et al. 1981; Bourdin 1988;
Balakrishnan et al. 1998). These experiments demonstrated
that the dynamic behaviour of soils depends on the frequency
of the cyclic input.
Some numerical modelling, performed in dynamic conditions
by applying cyclical equivalent inputs (Martino and Scarascia
Mugnozza 2005; Martino et al. 2007; Bozzano et al. 2008b)
demonstrated that both landslide triggers and related
displacements depend on the selected frequency.
Nevertheless, several numerical models of seismicallyinduced effects via finite element, finite difference and
boundary element methods (FEM, FDM and BEM
respectively), were performed by the use of dynamic
acceleration signals, obtained from recorded time histories
(Chang et al. 2005; Dai et al. 2005; Wang et al. 2006;
Costanzo et al. 2007) which were: i) filtered with respect to a
given cut-off frequency (depending on the discretisation of
the numerical model as well as to the geomechanical
properties of the modelled materials); ii) processed in such a
way as to obtain a null value of the accelerogram integral at
the end of its duration. Additionally, in many of these
applications, the PGA values of available records are scaled
with respect to the ones of the expected earthquakes. With
reference to the above mentioned drawbacks for both
synthetic inputs and monochromatic equivalent signals, the
use of here proposed multifrequencial dynamic equivalent
signals (best fitted to representative values of the reference
earthquakes) may: i) check that the frequency content of the
derived signals is defined within a representative/admissible
range; ii) avoid upper-threshold frequency to be exceeded;
iii) narrow the energy gap between real and simulated seismic
actions; iv) control the maximum intensity of the adopted
action and v) take into account seismically-induced effects
arising from frequency combinations, i.e. from dynamic
actions.

LEMA_DES
PROCEDURE
EQUIVALENT SIGNALS

FOR

DERIVING

The digital record of the 31 October, Molise earthquake
(Ml=5.4) at the CMM station (about 50 km far from the
epicentre) of the Italian accelerometric network (Dipartimento
Protezione Civile 2004) has been selected to illustrate the
LEMA_DES execution, presently implemented by a
specifically-designed software.
The procedure consists in the generation of a sequence of
functions and signals, which are summarised in the following
list of steps (Fig.1):
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Fig. 1. Sketch of the LEMA_DES procedure.
1 - selection of the characteristic frequencies and deriving of
the harmonic functions corresponding to monofrequential
cyclical functions whose frequencies are equal to those
selected from the smoothed Fourier spectrum of the
reference accelerogram (FFTrif) (Fig.2), with a null phase
and an amplitude proportional to the corresponding
spectral densities of FFTrif;
2 - deriving of the sum signal S(t) by algebraically summing
the adding functions (Fig.3a) which coincide with the
corresponding harmonic function until a duration Ti=nc/fi
(nc=number of equivalent cycles=1 and fi=frequency
value of the corresponding harmonic function) while are
zeroed in the time range Ti<t<Tend, where Tend is the
highest among the duration of the considered sinusoids;
3 - deriving of the shape signal T(t) (Fig.3b) from the sum
signal by a mathematical processing, in order to achieve:
i) a null integral over its entire duration, ii) a Fourier
spectrum whose spectral density at frequencies lower than
the minimum frequency selected from FFTrif is
negligible, iii) amplitude values null for t>Tend;
4 - deriving of the preliminary equivalent signal E’(t),
consisting in a multifrequential dynamic signal which is
energy-equivalent to the reference accelerogram, pass-
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band filtered in the range of the selected frequencies, but
not yet best fitted in terms of PGA (Fig.3c);
5 - deriving of the resulting equivalent signal E(t) (Fig.4)
consisting in a multifrequential dynamic signal which is
energy-equivalent to the reference accelerogram and best
fitted in terms of PGA via an iterative procedure, this last
one is performed by adding one integer to the previous nc
value as to obtain a new sum signal S(t), with a longer
Tend, and to re-process it from step 2 to step 5.
A crucial step in the above-described procedure is the correct
and objective choice of the characteristic frequencies of the
FFTrif (step 1) which are used to define the initial harmonic
functions and to generate all the other derived functions and
signals.
The adopted criterion is to infer from FFTrif a discrete number
of frequency bands and corresponding spectral densities,
which might be regarded as representative of the shape of the
entire reference spectrum. In particular, the reliability of this
identification process is to test the spectral density exceedance
with reference to a threshold value, this latter is set as a
percentage of the Maximum Spectral Acceleration Value
(MSAV).

equal to 5; i.e. proportionate to the 0-15Hz frequency range of
specific interest for the investigated phenomena. The energy
scaling factor Fen is computed by relating Vfilt to the integral of
the square of the velocigram of the shape signal (VT), by the
form:
Trif
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Fig. 2. Data input for the CMM digital record (Dipartimento
Protezione Civile, 2004): a) time history of the reference
accelerogram; b) FFT of the original (left) and smoothed
(right) reference accelerogram.
Each band remains associated with a discrete i-number of
relative maxima (at the least equal to 1 in the extreme case of
a peak-band). Each maximum belonging to a band is
completely identified by a pair of spectral frequency (f) and
related amplitude (A) value. The maximum number of pairs of
characteristic values, can be minimized by lowering it to a
chosen integer; in any case, this integer should be related to
the typical frequency range of the natural or anthropogenic
phenomenon that is expressed by the reference acceleration
record. For the here considered analysis of seismic signals, the
maximum number of characteristic frequencies is taken to be
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Fig. 3. Signals obtained by LEMA_DES during the
processing: a) sum signal S(t); b) shape signal T(t); c)
preliminary equivalent signal E’(t) with nc=1.
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This integral represents the cumulative kinetic energy for unit
weight and can be regarded as a parameter widely reliable for
different physical processes. Consequently, a preliminary
multifrequential dynamic equivalent signal E’(t) is obtained
by correcting the shape signal T(t) according to the form:

E ' (t )  Fen T (t )
Although the signal E’(t) satisfies the energy equivalence
criterion, it has not yet been best fitted to the equivalent peak
ground acceleration with respect to the PGA of the filtered
reference time history (PGAfilt).

The here proposed best-fitting process is an iterative one,
which outputs the final value for the number of equivalent
cycles (nc) starting from the initial value nc=1 of the signal
E’(t) and minimizes the deviation between the amplitude of
the signal E’(t) and the PGAfilt. At this aim, it was observed
that the terminal portion of E’(t) (LTAV – Long Term
Amplitude Value) has a sinusoidal shape, only due to the
contribution of the lowest selected frequency. As a
consequence, it has been assumed to be reliable to process this
portion of the signal according to other Authors (Seed and
Idriss, 1971; 1979), i.e. by comparing the amplitude of the
sinusoidal portion of E’(t) with the 65% of the PGAfilt.
Nevertheless, the reliability of this assumption has been
demonstrated by applying this processing to acceleration
records, as discussed in the follow. As a consequence, both
the duration (i.e. number of equivalent cycles) and the PGA
value of the resulting multifrequential equivalent signal E(t)
are variables which depend on the iterative process.
In this way, the resulting multifrequential dynamic equivalent
signal E(t) satisfies all the considered convergence criteria, i.e.
spectral, kinematic (in terms of PGA) and energy.
Moreover, since the duration of the equivalent signal was
automatically derived depending on the PGA best-fitting
process, a time compression index (Itc), can be computed by
the percentage ratio of the difference between the durations of
the input and derived signals to the duration of the input
signal.

DERIVED LEMA_DES SIGNAL
ACCELERATION DATASET

FROM

A

REAL

An experimental analysis was carried out to test the reliability
of the proposed procedure for deriving multifrequential
dynamic equivalent signals, as well as its numerical
implementation via the LEMA_DES program.

Fig. 4. a) Resulting equivalent signal E(t) obtained by
LEMA_DES; b) related Fourier spectrum; c) final report,
including: characteristic parameters of the reference input
(average input PGA, percentage for valid PGA, valid input
PGA), characteristic parameters of the equivalent signal.
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Fig. 5. Location of the ENEA-ENEL accelerometric stations
which recorded the 23 November, 1980 Irpinia earthquake
and macroseismic field, according to DBMI04 (2004).
The analysis relied on the acceleration records of the Irpinia
earthquake of 23 November, 1980, which are originally stored
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in the ENEA-ENEL database and presently available from the
ITACA Archive (Working group ITACA, 2008).
The 23 November, 1980 Irpinia earthquake struck a wide area
of the southern Apennines, making part of the Campania and
Lucania regions.
The epicentre of the main shock of the 23 November, 1980
earthquake (Ms=6.8) was located at 40.724°N ±1.4 km and at
15.373°E ±1.4 km with its hypocentre at a depth of 10 to 12
km. The earthquake caused severe damage to over 800
villages and towns in Campania and Basilicata (some of
which were completely evacuated after the earthquake) and
about 3,000 casualties (Postpischl et al. 1985).
The choice of the database was driven by the following
considerations:
a) the earthquake was recorded by about 30 stations,
equipped
with
three-component
analogical
accelerometers (Scarpa 1981); the stations, scattered
within a radius of about 200 km, were run by various
institutions (Fig.5);
b) the earthquake triggered a large number of
seismically-induced effects, widely reported in the
literature (Hutchinson and Del Prete 1985; D’Elia et
al. 1986; Porfido et al. 2002), as well as in national
earthquake catalogues (CPTI04 2004; DBMI04 2004;
INGV and SGA 2007); these effects included ground
cracking and surface faulting, landslides, variation of
discharge in natural springs. In particular, many
authors have already conducted back analyses on
many of these seismically-induced landslides, using
conventional approaches (Crespellani et al. 1996;
Romeo 2000; Martino et al. 2001; Martino and
Scarascia Mugnozza 2005).
A total of 30 acceleration records obtained from 10 stations of
the ENEA-ENEL network and from each recorded component
of the seismic motion (i.e. NS, UP and WE) were analysed.
Where available, two distinct accelerograms were obtained for
the two main shocks. A total of 48 records were considered
for processing via LEMA_DES program and for deriving an
equivalent earthquake scenario. The findings evidence that:
1) the minimum number of frequencies automatically
selected by the LEMA_DES is 2;
2) the minimum frequency automatically selected by
LEMA_DES lies in the 0.28-1.74 Hz range;
3) the maximum frequency automatically selected by
LEMA_DES lies in the 1.72-10.15 Hz range;
4) the number of equivalent cycles obtained at convergence
by LEMA_DES varies in the range 1 - 10;
5) the duration of the resulting signals varies in the range
1.61 – 19.43 s;
6) all the equivalent signals obtained by LEMA_DES have
a medium to high reliability level, corresponding to
CRE% values that always lie below 50%.
In particular, the distribution of the convergence process error
(CRE%) and of the PGAeq error vs. the PGA of the filtered
reference signal (r PGAeq%) shows that, for over 60% of the
records, almost one of the two errors lies below 20%.
The comparison among Vrif and Arias intensity values of the
original records with the respective values of the derived
dynamic signals (Veq and Ariaseq, respectively) shows a linear
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correlation on a bilogarithmic scale (Fig.6). The resulting
correlation lines can be considered coincident, according to
the statistical test on coincidence of the regressions
(Kleinbaum and Kupper 1978).

Fig. 6. Veq vs Vrif (a); Ariaseq vs Ariasrif (b); PGAeq vs PGArif
(c) obtained from the 48 considered records of the November
23rd, 1980 Irpinia earthquake, distinguished for components
of ground motion.
This proves the validity of the assumption adopted for the
PGA best-fitting process, consisting in the comparison
between the LTAV and the 65% of the PGAfilt.
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Nevertheless, the relative error of the regression lines’ angle,
related to 45°, is of about 50%; this error derives from the use
of the pass-band filter applied on the original accelerograms
according to the LEMA_DES procedure, which causes Veq
and Ariaseq to be lower than the respective reference values of
about an half order of magnitude. At this regard, it is worth
considering that the obtained linear correlations demonstrate
that the filtering processing has an effect which is proportional
to the energy level.
The distributions of the characteristic parameters of the
equivalent signals (Veq vs. Ariaseq and Ariaseq vs. PGAeq ) as
well as of the real acceleration records (Vrif vs. Arias and
Arias vs. PGA) are linearly correlated on a bilogarithmic
scale according to the statistical test on coincidence of the
regressions as well as on statistical test on parallelism
(Pottohff, 1966; Kleinbaum and Kupper 1978).
All the obtained correlations suggest that, in this test study,
the approach proposed for deriving multifrequential dynamic
equivalent signals guarantees the equivalence of the signal in
terms of frequency content, energy and PGA.
The LEMA_DES approach was also tested on many other
acceleration records; an example of this test, referred to three
strong motions widely applied for numerical modelling in the
geotechnical field, is reported in Fig.7. The analised
earthquake are: the 17 October, 1989 Loma Prieta earthquake
(Mw=6.4), the 17 January, 1994 Northridge earthquake
(Mw=6.7) and the 16 January, 1995 Kobe earthquake
(Mw=6.8). The obtained results for the derived input show:
1) an high to middle reliability since the CRE% is lower than
32%; 2) a convergence on 2 equivalent cycles for all the
signals; 3) a number of characteristic frequencies varying
from 3 to 5; 4) a duration varying up to about 3 seconds (i.e. a
Itc varying in the range 85-95%); 5) a percentage error on
PGA lower than 100%.

COMPARISON BETWEEN LEMA_DES DERIVED AND
SINUSOIDAL SIGNALS

Fig. 7. LEMA_DES derived signals for some strong motions
(COSMOS global database: http://www.cosmos-eq.org/).
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Furthermore, for some records, whose PGA values can be
regarded as representative for the parameter variability in the
test study, equivalent sinusoidal signals were obtained under
the procedure proposed by Seed and Idriss (1979).
In particular, for obtaining these sinusoidal signals, were
considered:
a) 7 frequency values, representing the full range of values
resulting for the derived multifrequential dynamic
equivalent signals;
b) 6 equivalent cycles, as a function of the magnitude of the
23 November, 1980 Irpinia earthquake (in agreement with
the empirical correlation proposed by Seed and Idriss,1969;
1971);
c) an amplitude equal to 65% of the PGA of the reference
acceleration records.
From the resulting equivalent sinusoidal signals, the values of
the characteristic parameters were computed as well as the
corresponding errors with respect to the not filtered reference
signals.
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Fig. 8. Relative error on Vrif (r Veq%) vs. the characteristic
frequency (f) for sinusoidal equivalent signals and vs. the
minimum frequency selected by the LEMA_DES for the
multifrequential equivalent signals.
Fig. 8 shows the distribution of the relative error on Vrif (r
Veq%) of the multifrequential signals, derived by
LEMA_DES, vs. the minimum selected frequency (f=fmin)
and the same error vs. the frequency (f) of the sinusoidal
signal, derived according to the Seed and Idriss (1969; 1971)
approach. The respective trends of the errors referred to the
two typologies of equivalent signals are significantly different
at frequencies lower than 1 Hz. Since energy equivalence
criteria are not provided by the Seed and Idriss approach, the
r Veq% for the derived sinusoidal signals increases above
2500%, while the same error for the multifrequential ones
does not exceed 100% (Fig. 8). It is worth emphasising that
the frequency range, within which the above r Veq% is
significantly different in the two approaches, is particularly
relevant for: i) seismically-induced effects, such as landslides
(Martino and Scarascia Mugnozza, 2005; Bozzano et al.,
2008a; Bozzano et al., 2008b), and ii) standard laboratory
tests for dynamic characterisation of soils (Seed et al. 1975;
Seed et al. 1981; Ishihara and Koga 1981).

TEST OF A SLOPE STABILITY ANALYSIS BY USE OF
A LEMA_DES DERIVED SIGNAL
In order to test the LEMA_DES derived signals for a
numerical slope stability analysis, the Calitri landslide was
selected since it was retriggered by the 23rd November, 1980
Irpinia earthquake and the triggering seismic event was
recorded by the CTL ENEA-ENEL accelerometric station,
located very close to the landslide.
The Calitri landslide exemplifies a landslide repeatedly
reactivated by earthquakes, as demonstrated by numerous
historical records. The extent and depth of the landslide, the
lithotypes involved and its location make its study particularly
challenging in comparison with the numerous reports of
seismically-induced landslides in this part of the Apennines.
Nevertheless, first direct historical records, which explicitly
refer to instabilities resulting from the landslide, are from
1840. These records mention damage to the buildings
immediately overlying the recently urbanised areas. The
latest reactivation of the Calitri landslide of the 1980 Irpinia
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earthquake was documented by rich photo coverage and
various studies conducted immediately after the earthquake.
Transversal tension cracks are discernible along the crown
and the main scarp. Up to three minor scarps and less
significant sliding phenomena are also observed. All along
the slope, longitudinal cracks are prevalent, whereas
transversal compressional cracks can be locally observed.
The examination of ground cracking and landslide-induced
damage made possible to: i) determine the boundaries of the
portion of the slope, which experienced movements of
variable extent, but directly correlated with the seismicallyinduced landslide; ii) recognise a 400-600 m-wide complex
crown, totally included in the built-up area; and ii) identify a
downslope earthflow and, based on type of cracking and
characterisation of the relative displacements of the talus
deposits, its supply zone (originating from at least two main
coalescent portions, with an average diameter not exceeding
100 m), an about 200 m-long and about 100 m-wide channel,
as well as a fan with a roughly 250 m-wide toe.
According to Martino and Scarascia Mugnozza (2005), the
portion of the slope affected by the Calitri landslide (Fig.9)
has outcrops of prevailingly pelitic terms from the formations
of two different Pliocene to Pleistocene sedimentary cycles,
while scaly clays outcrop in the south-eastern sector of the
landslide and feed, at least in part, the earthflow deposit.
With regard to hydrogeological conditions in the landslide
sector, field surveys and the available technical data (Martino
and Scarascia Mugnozza, 2005) suggest the absence of
important aquifers as proved by the local seasonal springs.
Stress-strain analysis previously performed via FDM
numerical modelling under static and dynamic conditions
confirms the likelihood of seismically-induced reactivations of
the Calitri landslide (Martino et al., 2001; Martino &
Scarascia Mugnozza, 2005), according to a roto-translational
slide mechanism with high translational components, and of a
sliding surface located at a depth not exceeding 100 m from
ground level. Moreover, the dynamic numerical simulation
indicated a diversification of the effects induced by different
seismic input frequencies, in terms of propagation and
deepening of slope instability, as well as of extent of the
displacements. In particular, lower frequencies (0.75 Hz) are
more effective in remobilising large volumes of highlydeformed soil, whereas higher frequencies only induce
localised and shallow instabilities with less significant
deformations.
For the here reported numerical test, a LEMA_DES signal
was derived for the NS direction of the ENEA-ENEL
acceleration record of the 23November, 1980 earthquake at
the station of Calitri. The resulting input is characterised by 2
equivalent cycles, a duration of 2.42 s and 5 characteristic
frequencies, selected in the range 0.8-3.7 Hz.
The so derived LEMA_DES input was applied as a shear
velocity at the lower boundary of a FDM numerical model
implemented by the FDM code FLAC 6.0 (Itasca, 2006).
A 10mx10m square grid along section AA’ of Fig.9 was
adopted for the numerical modelling and the geomechanical
characterisation is the same proposed by Martino and
Scarascia Mugnozza (2005).
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Fig. 9. Engineering-geological section of the Calitri
landslide: 1) alluvial deposits, 2) sands; 3) silty and marly
clays; 4) scaly clays; 5) sandstones; 6) silty and marly clays;
7) landslide debris and talus deposits; 8) boreholes; 9) fault ;
10) existing rupture surface; 11) spring: a) seasonal, b)
permanent (from Martino & Scarascia Mugnozza, 2005).

The numerical results were compared to the ones obtained: i)
by applying the real acceleration record high-pass filtered at
0.8Hz to be correctly compared with the LEMA_DES signal;
ii) by using a sinusoidal input derived according to the Seed
and Idriss (1969; 1971) approach and characterised by 6
cycles (depending on the earthquake magnitude) and by a
selected frequency of 1 Hz.
All the considered signals are characterised by similar values
of cumulative kinematic energy (i.e. less than an half-order
magnitude) in order to permit a more reliable comparison
among the obtained results.
The modelling was performed by calibrating the real
accelerogram on the displacement field reported in
Hutchinson & Del Prete (1985): horizontal displacement up to
average 1.5 m results close to the crown area and up to
average 0.5 m in the middle portion of the landslide mass.
The comparison of the resulting outputs in terms of induced
displacements shows very similar results; these last ones are
strongly consistent with the actually observed ground effects
due to the earthquake trigger of the landslide (Fig.10). On the
other hand, the resulting outputs in terms of acceleration
(Figg.10, 11) show that the computed transfer functions (i.e.
wave propagation) are not enough valuable for the sinusoidal
input if considered in the reliable frequency range (i.e. up to
about 3 Hz) for the numerical model and if compared with the
real recorded acceleration time-histories.

FINAL REMARKS
The here presented LEMA_DES (Levelled-Energy
Multifrequential Analysis for Dynamic Equivalent Signals)
approach to define multifrequential dynamic equivalent
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signals from acceleration records satisfies criteria of spectral,
energy and kinematic (in terms of PGA) equivalence with
respect to the real prototypes.
The LEMA_DES procedure was applied to analyse the
acceleration records for the first two main shocks of the 23
November, 1980 Irpinia earthquake (Italy), available from the
ITACA Archive (Working Group ITACA, 2008).
In the sample consisting of the 48 selected records,
correlations were analysed between the characteristic
parameters of both the real and the equivalent signals. These
correlations demonstrate that the proposed approach
guarantees: i) the equivalence of the Fourier spectrum in terms
of characteristic frequencies and corresponding FFT values;
ii) the energy equivalence of the obtained signals, regardless
of the energy level considered, except for a half order of
magnitude, and iii) the equivalence of the PGA values with
relative errors below 105%. Moreover, the comparison
between relative error on the integral of the square of the
velocigram of the resulting dynamic equivalent signal (rVeq
%), obtained for multifrequential signals derived by
LEMA_DES and the one obtained for sinusoidal signals,
according to the Seed and Idriss (1969; 1971) approach
demonstrates that the lack of energy control in the Seed and
Idriss approach increases with the lowering of the
characteristic frequencies considered for obtaining the
sinusoidal signals.
Based on the obtained results, the LEMA_DES approach for
generating multifrequential dynamic equivalent signals proves
to be highly reliable for experimental applications. These
applications include analogue laboratory modelling with
shaking table or centrifuge devices, as well as numerical
simulations based on FDM, FEM or BEM codes, focused on
seismically induced effects (e.g. local seismic response,
gravitational instability and loose soil liquefaction).
A numerical modelling for testing the slope stability of the
Calitri landslide, which was seismically-induced by the 23
November, 1980 Irpinia earthquake, proves that, in the
considered case history, both the LEMA_DES derived and
the sinusoidal signals, characterised by similar values of
cumulative kinematic energy, have an high reliability in terms
of produced displacements.
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Fig. 10. Results from numerical modelling by FLAC 6.0, obtained by applying a 1Hz sinusoidal input, a LEMA_DES derived input
and the time history of the 23 November 1980 earthquake, recorded at the ENEA-ENEL accelerometric station of Calitri (CTL).
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Based on these findings, the proposed LEMA_DES approach
can be regarded as reliable for obtaining dynamic equivalent
signals to be tested on numerical and lab-analogical models,
in the field of geotechnical engineering and of engineeringgeology.
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